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Experience  with  several  types of osmometer for  the  measurement of 
"colloid" osmotic pressure of serum and similar fluids has led us to the con- 
dusion that an apparatus based upon the principles of Van Campen (1) 
but adapted to volumes of about 1 cc. would be nearly ideal for the purpose. 
Such an apparatus appears to have been designed by Hepp (2).  That the 
apparatus yields correct values was not demonstrated by him.  The im- 
portance of such demonstration is evident from the recent paper of Zozaya 
(3) in which it is inferred that practically all published values for the colloid 
osmotic pressure of human serum are about 100 per cent too high. 
The measurements tabulated below show that the instrument is accurate 
as well as precise, rapid, and convenient in use.  To them we have added 
amplification of Hepp's description of certain aspects of its assembly and 
operation. 
Accuracy 
The instrument was standardized with a solution of horse serum albumin 
given us  by  Dr.  T.  F.  McMeekin,  Department of Physical  Chemistry, 
Harvard  Medical  School.  In  water  solution,  the  once  crystallized  and 
dialyzed preparation gave no color with Nessler's reagent and contained 0.4 
per cent carbohydrate by the orcein test, an amount corresponding to 4 
per cent globulin.  To the stock aqueous solution were added the calculated 
0.8  amounts of  KH2PO4  and  Na2HPO4.2H~O  to  produce  a  solution  i5-  M 
0.2  Na,HPO, +  ~  M KH~PO,, pH 7.4.  The albumin content of the stock was 
8.27  gm.  per  100  cc.  solution  as  determined  by  micro-Kjeldahl.  The 
0.8  stock solution was diluted with phosphate buffer ~  ~  Na2HPO4  +  0.___215 
M KH,PO, (pH 7.4 by phenol red), and the albumin concentration of each 
dilution estimated from  duplicate  micro-Kjddahl determinations, the  N 
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content  of the  albumin  being taken  as  15.8 per  cent  (McMeekin).  The 
stock solution was kept at approximately 4°C.  in a  bottle containing  also 
a test tube partly filled with toluol.  Dilutions of the stock, similarly kept, 
appeared to be stable for at least 2 weeks. 
The  osmotic pressure  of  the  diluted  albumin  solution  was determined 
usually against  its own ultrafiltrate,  produced in the osmometer in about 
20  minutes.  The  free  membrane  area  utilized  was  usually  45 mm.  in 
diameter.  Nearly all measurements were made with one of Hepp's instru- 
ments, slightly modified from that described in his 1936 paper; the modifica- 
tion consists in utilizing suction on the capillary throughout the entire pro- 
cedure instead of suction to fill  the  capillary followed by pressure on the 
protein solution when the final measurement is made. 1  All measurements 
were made at 25  :t: 0.5°C. 
From the observed osmotic pressures, the molecular weight of the horse 
serum albumin was computed.  The accepted mean value is 72,000 ±  3,000 
(Adair and Robinson (4); Burk (5)). 
Two modes of computation were used (Adair and Robinson (4)).  In the 
first, the ratio c/p (c  =  albumin concentration in grams per 100 cc. of solu- 
tion, and p  =  observed osmotic pressure in millimeters of water) was plotted 
against c for c  =  0.713 to c  =  5.12; the plot, which was to the same scale 
as Adair and Robinson's Fig. 1, yielded astraight line.  Extrapolation of the 
line to c  =  0 gave c/p at infinite dilution equal to 0.0290.  The molecular 
weight of the albumin preparation  was then calculated from M  =  10 RT 
[c/p], where RT =  (22.414) (760) (13.6) (298/273) and [c/p] = c/p at c =  0. 
Hence M  =  73,400. 
The  second method  of computation  permits  the  calculation  of a  value 
of M for each pair of values of p and c.  This is possible by utilization of the 
empirical coefficient $ which represents the sum of the osmotic effects due 
to the ion pressure difference, volume of the protein hydrate, and deviations 
from the laws of ideal solutions in the formula M  =  10q~ RT c/p.  Values of 
¢ based upon numerous determinations on several albumin preparations of 
1  where  K  =  0.064  (Adair  cand p at 0 ° may be calculated from $  -  1 -  Kc' 
and Robinson (4)).  Utilization of these values of ¢ presupposes that M is 
constant  at  c  =  0.255  to  5.12  and  that  our pairs of values of c/p  and  c 
may be considered part of the population of values from which Fig.  !  of 
l An instrument  similar to this modification of Hepp's original device was made for 
one of us (G. S.) in the machine shop of the Harvard Medical School and functions 
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Adair and Robinson's (4) paper is drawn.  The values of c, p, c/p, c~, and 
M  for our sample of albumin are shown in Table I. 
TABLE  I 
Computation of M from Observed Osmotic Pressure* 
c  t  c/p  q~ 
gm./lO0 co.  so~6on 
0.255 
0.267 
0.510 
0.534 
0.713 
1.02 
1.07 
1.97 
3.12 
4.07 
5.12 
ram.//20 
10 
8 
11 
9 
21 
2O 
19 
18 
26 
26 
37 
38 
37 
39 
41 
41 
41 
41 
41 
79 
8O 
139 
137 
202 
201 
205 
194 
271 
268 
272 
0.0280 
0.0280 
0.0276 
0.0269 
0.0276 
0.0265 
0.0261 
0.0261 
0.0261 
0.0261 
0.0261 
0.0249 
0.0248 
0.0224 
0.0227 
0.0202 
0.0203 
0.0199 
0.0210 
0.0189 
0.0192 
0.0189 
1.015 
1.02 
1.03 
1.04 
1.05 
1.07 
1.07 
1.15 
1.25 
1.35 
1.49 
65,500 
81,800 
62,700 
76,600 
63,300 
67,200 
73,600 
77,600 
72,800 
72,800 
74,500 
72,500 
74,500 
70,600 
70,600 
70,600 
70,600t 
70,6005 
70,6005 
72,500 
71,600 
70,700 
71,800 
68,800 
69,200 
67,8005 
71,7005 
71,300t 
72,000t 
71,000:~ 
* All solutions  measured  against  their  own ultraftltrates  and  with  membrane  area 
45 mm. in diameter,  except as noted otherwise. 
t Phosphate buffer in capillary. 
~t Phosphate buffer in capillary and membrane area 30 mm. in diameter. 
From Table I  we may draw the following conclusions: 
1.  The  Hepp osmometer yields as  accurate  results  down to  c  =  0.713 
gm.  per  100  cc.  as  the  standard  instrument  of Adair  and  Robinson  (4). 
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is not surprising since a correction for capillarity has to be made.  We have 
estimated the  capillarity  at  the  end of each measurement by  taking the 
average of the height to which the column rises and to which it falls in the 
capillary.  Values so obtained ranged from 21 to 23 mm. H20 for albumin 
solution ultrafiltrates,  and from 24 to 27 mm. H~O for phosphate buffer in 
the capillary.  Capillarity corrections so measured are of course not entirely 
satisfactory  and constitute the chief absolute uncertainty of the method. 
Accuracy and precision of the instrument at  pressures less than  25  mm. 
H20  could be  attained  by  attaching  to  the  capillary  a  U-tube  capillary 
(0.2 ram.) manometer, by means of a  ground joint. 
2.  The values obtained are the same whether the capillary contains true 
ultrafiltrate  or  phosphate  buffer.  Hepp  (2)  showed  that  the  capillary 
could contain distilled water, Ringer's, or 4 X  Ringer's as well as true ultra- 
filtrate in measurements of osmotic pressure of serum. 
3.  The same values are obtained with the 30 mm. diameter membrane 
(in which case 0.7 cc. gives a layer 1 ram. deep) as with the 45 mm. diameter 
membrane (in which case approximately 1.5 cc. are required to give a layer 
1 mm. deep). 
Attainment of Equilibrium 
The speed with which equilibrium is approached is shown by the following 
experiment.  With 0.9 per cent NaC1 in the capillary and the total suction 
applied to the capillary about  130 mm. H~0, a  sample of approximately 6 
per cent acacia in 0.9 per cent NaC1 was placed in the osmometer.  Read- 
ings were taken of the suction necessary to keep the meniscus in the capil- 
lary at a given mark on the ocular micrometer scale  (magnification 60 X). 
The  readings are  given in  ram. H~O after the times in minutes: 2, 136; 4, 
142; 6, 155; 8, 172; 10, 188; 12, 200; 15, 215;  20,  232; 25,  242; 30,  250; 35, 
258; 115,261.  Other samples of the same lot of acacia in NaC1 (lot 3) had 
a  colloid osmotic pressure of 250 to 260 mm. H~O at 20°C. when measure- 
ments were made in the Krogh osmometer (cellophane No. 600 membranes) 
over periods of 24 to 72 hours (6). 
The manometer readings often become steady within 5  to  15  minutes, 
if true ultrafiltrate is used and if it is possible (as when doing a  determina- 
tion in duplicate) to apply to the capillary column a suction approximately 
equal to the expected osmotic pressure before the protein solution is placed 
in the osmometer.  Steady readings remain so for at least 4 hours. 
A  practicable  time  schedule  of  measurements  for  determinations  in 
duplicate would then be 20, 30, and 60 minutes for the first sample; and ERICH  PETERS  AND  GEORGE  SASLOW  181 
20  and 40  minutes for the second.  Should the readings not be  steady, 
additional ones would have to be made at 15 or 20 minute intervals.  Most 
of the data recorded in Table I are based on measurements made at 20, 30, 
45, 60, and 90 minutes. 
Membrane Material 
It is possible to use cellophane No. 450 and No. 600 in this type of osmom- 
eter but  these materials  are not  satisfactory.  They are so dense that a 
0.2 mm. capillary with a capillarity correction of the order of 90 mm. H20 
must be employed.  They are so thin that difficulty in securing a perfectly 
flat membrane is not infrequent.  Finally, they are not necessarily uniform 
in properties and may give entirely inaccurate results.  For example, Wies 
and Peters (7) report a large series of measurements on diluted and undiluted 
human sera with the Krogh osmometer; in these, all of the No. 600 cello- 
phane discs used were cut out of a  single sheet 1 meter square.  The data 
show that in a  number of instances a  serum could be diluted 50 per cent 
while its osmotic pressure fell only 10 to  14 per cent or not at all; yet all 
determinations were made in duplicate. 
We have tried reducing the density of cellophane by swelling cellophane 
No. 300 in 64 per cent zinc chloride as suggested by McBain and Stuewer 
(8), but could not produce membranes free of large wrinkles. 
Collodion membranes suitable for protein concentration work were en- 
tirely too slow. 
Elford membranes of average pore diameter 6 m# were tried.  They give 
the same results as the Zsigmondy falters but can be used only a few times. 
Entirely suitable membranes are the Zsigmondy cellulose filters.  2  We 
have used the "ultrafine medium" and "ultrafine fine" falters as 6 cm. discs. 
The average life of these membranes with frequent use (four to eight mea- 
surements a  day) at room temperature under pressures of the order of 30 
can. I-I20 is  2 months.  They keep well in  1 per cent HC1 or in  distilled 
water,  unbuffered Ringer's,  or NaC1  solution  to  which a  few crystals of 
thymol or 1 co. formalin per 100 cc. solution have been added,  They may 
be removed from the osmometer to one of these solutions between runs. 
It is advisable to use the membrane same side up all the time.  Care should 
be taken that a membrane used with ~t/15 phosphate solutions is adequately 
washed with distilled water before use with calcium-containing solutions, 
for deposits  of calcium phosphate  render the membrane erratic and  are 
difficult to remove completely with dilute HCI. 
2 Obtainable from Pfaltz and Bauer, Inc., Empire State Building, New York City. 182  PERFORMANCE  OF  HEPP  MICRO-OSMOMETV.R 
Testing the Membrane 
The ultrafine fine filters can be purchased protein-tight.  The "medium" 
filters, which are appreciably faster and which were used for all the measure- 
ments  in  Table  I,  can  be  purchased  tested  for  impermeability  to  benzo- 
purpurin.  In any case, a  given filter can be examined for protein-tightness 
in the osmometer by ultrafiltering  some serum or serum albumin solution 
into the capillary and carrying out a  Heller's or similar test on the capillary 
contents. 
For  standardization  of  the  membrane  a  calculation  of  the  molecular 
weight of a  satisfactory preparation of liorse serum albumin from the ob- 
served osmotic pressure of a single solution having c equal to any value from 
1 to 5 gm. per 100 cc. would seem satisfactory.  The values of ¢  based upon 
Adair  and  Robinson's  (4)  measurements  at  0°C.  are  evidently  applicable 
to room temperatures; hence it appears unnecessary to determine M  by the 
extrapolation  method.  Commercial  samples  of  horse  serum  albumin 
appear not  to be available. 
Our experience is that it is unsafe to use any membrane which has not 
been  standardized,  and  that  standardization  is  again  desirable  whenever 
the  behavior  of  a  given  membrane  appears  to  be  erratic.  Occasionally 
membranes are unusable when received. 
Apparatus  Par~ 
The glass plate we have used is 6 era. in diameter  and  7½  ram. thick; it is bored 
centrally for a capillary tube of outer bore 10 ram., lumen 0.90 to 0.95 ram., and overall 
length 20 era.  The joint between capillary and glass plate is a tapered ground joint; 
the end of the capillary and the surface of the glass plate are ground together so that 
both lie in the same plane. 
The middle and top pieces  of the osmometer are made of lucite.  No washers are 
used in the osmometer proper. 
The material placed under the membrane and directly on the glass plate is a disc of 
silk bolting cloth No. 20 or No. 25 Standard. 4  If the disc is not slightly smaller than 
the opening in the middle piece of the osmometer, tight sealing of the membrane will be 
impossible.  Used discs last for months in water, saline, or Ringer's containing thymol. 
The new cloth as received may be greasy and is satisfactorily cleaned with Dreft in 
lukewarm water. 
The metal collar is hollowed  out to serve as a water jacket so that all observations 
may be made at one temperature.  Correction by computation of measurements made 
at various temperatures to any one reference temperature is entirely unreliable for such 
fluids  as  serum  (Hepp  (9)).  Temperature control  to  +0.5°C.  is  satisfactory.  The 
capillary should also be provided with a water jacket. 
s Refers to apparatus made at the Harvard Medical School and covers only details 
lacking in Hepp's (2) paper. 
4 Obtainable from Tobler, Ernst & Traber, Inc., 71 Murray Street, New York City. ERICH  PETERS  AND  GEOI~(~  ~ASLOW  183 
Smooth changes in the suction applied to  the capillary are achieved by inserting 
one or two 20 cm. lengths of 0.2 to 0.3 ram. glass capillary into the rubber tubing con- 
necting levelling bulb with manometer and manometer with osmometer capillary. 
The levelling bulb is moved on a sprocket and chain arrangement by a geared wheel 
at table level.  The bulb may conveniently be raised or lowered less than a millimeter 
at a time. 
Operation~ 
The fixed part of the metal collar is turned upside down on a swivel support by rota- 
tion through 180  ° . 
A  disc of bolting cloth wet with the appropriate solution is placed on  the ground 
surface of the glass plate inside a  pencilled guide circle.  The membrane, previously 
soaked in the appropriate solution, is placed on  top of the cloth.  Its top surface is 
carefully dried with a sheet of hard filter paper. 
The middle piece of the osmometer is placed on the glass plate.  Both parts with the 
included membrane are inverted and set into the metal collar.  A circular rubber washer 
about 2 nun. thick is placed on top of the glass plate, the thin separate plate of the metal 
collar on top of the washer; then the two parts of the collar are approximated by uniform 
tightening of four bolts. 
The osmometer is rotated  through  180 °  to its final position.  The  solution to be 
filtered through the membrane into the capillary is placed on top of the membrane.  A 
layer 1 mm.  thick is sufficient.  One may suck Ringer's solution, a  true ultrafiltrate 
of the protein solution to be studied, or first Ringer's, then I or 2 cm. of true ultrafiltrate 
into the capillary. 
The capillary is now inserted into the hole in the glass plate.  No lubricant is used 
on this joint.  A steel spring on the separate plate of the metal collar holds the capillary 
firmly in place. 
The top piece of the osmometer is set in place.  It serves as a cover which permits 
contact with air yet reduces evaporation. 
The right-hand end of the capillary is connected to the manometer.  Sufficient suc- 
tion is applied to half fill the capillary with Ringer's, phosphate buffer, or ultrafiltrate 
at a slow steady rate so that 15 to 20 minutes will be required. 
The solution in the osmometer is removed and the membrane carefully dried with 
pieces of filter paper until it appears dry to inspection and the column in  the capillary 
begins to move toward the osmometer as a result of evaporation through the membrane. 
The protein or colloid solution should then be placed in the osmometer.  It may be 
covered with oil although in the time required for the usual measurement the evaporation 
taking place does not influence the result. 
A convenient mark on the scale of the reading microscope is quickly selected and the 
previously applied suction reduced or increased to keep the meniscus of the capillary 
column at the mark.  In 15 to 30 minutes the meniscus becomes steady and measure- 
ment may be begun. 
When the free area of membrane used is 45 ram. in diameter it will be found that if 
the  applied suction be increased, then  reduced more than  1  ram.  from its apparent 
equilibrium value, there will be produced a  considerable movement of the meniscus of 
the capillary column, first in one direction then in the other.  The osmotic pressure 
may be thus delimited within the range 4- 1 ram. about the apparent equilibrium value. 184  PERFORMANCE  OF HEPP MICR0-OSMOI~ETER 
Determination of the pressure by such a direct reading method may then be repeated in 
30 minutes or less and will give a result within 5 per cent of the true equilibrium value 
as determined by interpolation. 
When  the free area of membrane used is 30 mm. in diameter,  the direct  reading 
method of locating the osmotic pressure can be used but it is considerably more tedious 
than with the larger membrane area unless the magnification used in the reading micro- 
scope is increased to 60 ×.  The instrument can stand this increase in magnification. 
It is preferable, given the 30 ram. area and 40 ×  magnification, to determine the equilib- 
rium pressure by interpolation to 0 filtration rate from measurements of filtration rate 
at applied suctions  4- 15 to 25 mm. about the apparent equilibrium value. 
The desired suction is applied and after 30 seconds  to 2 minutes the position of the 
meniscus is read on the microscope scale; then the position is read at 1 minute intervals 
for 2 to 6 minutes.  Now the desired suction in the opposite direction from the apparent 
equilibrium value is applied and the readings taken as above.  A little practice enables 
one to obtain fairly uniform filtration rates; only such rates are used in the plot.  A 
plot is made of filtration rate in divisions  per minute against applied suction and the 
suction corresponding to 0 filtration rate read off the resulting line. 
Corrections 
These are the depth of the layer of solution on the membrane (1 nun. or 
more), the distance from the membrane to the lumen of the horizontal limb 
of  the  capillary  (20-21  ram.),  and  the  capillarity  correction  for  the  fluid 
actually  in  the  capillary. 
SUMMARY 
Estimation  of  the  molecular  weight  of  horse  serum  albumin  from  the 
osmotic pressure of solutions containing 0.713 to 5.12 gm. per 100 cc. shows 
that  the  Hepp osmometer yields the  same values as  the  standard  simple 
osmometer of Adair. 
Accuracy and precision of the instrument decrease noticeably at  concen- 
trations of albumin less than 0.7 gm. per 100 cc. 
A  determination  in duplicate  can be carried out with this instrument  in 
less than  2  hours. 
The instrument is easily operated. 
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